Banana (Musa sapientum) is usually consumed as a ripe fruit or cooked form. The peels/skins are considered as a waste product. It is important to determine any potential uses for these peels as they contribute to environmental problem due to its nitrogen and phosphorous content. The present study was aimed to evaluate and compare the nutritional compounds such as proximate principles, total phenols, flavonoids and tannin according to AOAC methods between the two varieties of banana peels from USA and India. The study also identified the anti-nutrients like saponin in the banana peel. It could also be used as a functional food. The proximate principles of USA variety peels estimated were 9.4% 6.7% and 11.5% for protein, fat and fiber The India variety peel indicate the percentage of 11.7, 3.6 and 14.4 for protein, fat and fiber respectively. These peels also had a significant amount of total phenols, flavonoids and tannin. Therefore these peels could be incorporated into value-added foods and can serve as a functional food. Extruded product and pasta were formulated using the banana peel powder at 5 % level of incorporation. Colour and texture profile analysis of the developed extruded product and pasta was determined by selected objective method. The results from the present research showed that the banana peel powder showed an improved nutritional composition. The incorporation of 5% banana peel powder in the production of extruded product and pasta were not significantly affected the color and texture profile analysis.
Introduction
Banana (Musa sapientum) is globally cultivated and usually consumes as a fruit or the raw form is used in cooking. Banana is a very popular fruit because of its low price and presence of high nutrients. The peel or skin is usually considered as a waste product due to environmental pollution. Therefore it's highly recommended to determine the uses of these peels in food products as they are packed with antioxidants and polyphenols. The worldwide production of bananas is estimated to be 72.5 million metric tonnes, out of which India contributes 21.8 million metric tonnes. The other countries like Uganda, China and Philippines are the next largest producer in the world 1 . Based on the literature, it was found that banana peel is rich in phytochemical compounds than the pulp. In addition, banana peel also has anti-fungal, antibiotic properties which can be used for health benefits on humans [2] [3] . The literature survey discloses that information on GC-MS analysis of banana peel is limited.
Research trends focus on characterization and extraction of natural antioxidants and highlighting in disease prevention. As these compounds are present in many of the fruit peels, it would be worthwhile investigating the nature of these bioactive compounds that are present in banana peel. The present study was aimed to evaluate and compare the nutritional compounds such as proximate principles, total phenols, flavonoids and tannin according to AOAC 4 methods between the two varieties of banana peels from USA and India. The study also identified the anti-nutrients like saponin in the banana peel. It could also be used as a functional food.
Methodology Nutrient Analysis of Banana Peels/Skins
Organic Bananas (Musa) at the color index of 4 (greenish more yellow than green) according to the USDA banana ripening guide 5 were purchased in one lot from COSTCO, Illinois, USA-60305. In India, poovan banana were purchased in one lot from the local market at Thanjavur, Tamilnadu, India. Poovan is an important variety of banana which is especially grown for fruit purpose. Tamilnadu is the leading producer of poovan variety owing to its marginal soil and climatic condition. The fruit is slightly acidic, firm and has sweet aroma.
P r e p a r a t i o n o f B a n a n a P e e l P o w d e r (US variety) The US variety was dried in a Presto Dehydro electric food dehydrator. The peels/skins were removed from the flesh with the aid of stainless steel knife. The edges from the banana were cut and discarded.
The peels were sliced into 2 inches and these peels were laid on the dehydrator tray. There was enough space left on the tray to allow sufficient air flow for drying. Put the trays into the dehydrator and it operates at a pre set temperature of approximately 165 0 Fahrenheit .The general dehydrating information were followed and plug cord into 120 VAC electrical outlet and begin dehydrating for 4 hours. Then it was ground into powder with a mechanical blender. The powdered samples obtained were thereafter stored in clean airtight container at room temperature (30 ± 2 0 C) until needed for use.
Preparation of Banana Peel Powder (India Variety)
Radio frequency (RF) sterilizer is a promising technology for dehydration because of the faster, uniform heating and less drying time, larger penetration depth and energy efficiency. Radio frequency sterilizer has been applied successfully for drying of agricultural/food products, thawing of frozen foods, tempering, post-baking drying, pasteurization and roasting. During RF heating, direct heat is generated within the food product due to molecular friction. This friction results in oscillation of molecules and ions caused by the applied electric field. The speed of light waves is 3 lakhs Km/sec. This offers low and no fat, chemical free safe products, since it uses electromagnetic energy of longer wavelength than microwaves. It tends to drive the moisture from inside outward equalizing moisture throughout the product and avoids overheating and over dehydration of the food product 6 . The resistance to heat of various microorganisms like bacteria and pest types is the same under dielectric treatment as any other heating technique. For example molds and yeasts are killed more rapidly than bacteria. The banana peels were placed in the trays of the sterilizer and it were allowed to pass five times in the RF sterilizer.
Gas Chromatography Mass Spectrometry (GC-MS) analysis
Perkin Elmer GC Claurus 500 system with an Elite 5-MS fused silica capillary column composed of 5% Diphenyl and 95% Dimethyl poly siloxane and Turbo Mass Version 5.2.0 software was used. 70eV of the ionization energy was used. Helium gas was used as a carrier at a constant flow rate of 1 ml / minute. 2 µl of the sample were injected into the column. Initially the oven temperature was 110°C and later it was increased to 200°C and finally with the increment of 280°C. It was estimated that total time for running was forty minutes.
MS Programme
The molecular weight and name of the compounds were identified using NIST Version 2.0 library database of National Institute Standard and Technology (NIST).
Analysis of Nutrient Parameters of Banana Peel Powder
The banana peel powder were analysized for its proximate analysis such as moisture, protein, fat, fiber, carbohydrate, energy and ash content as per their respective methods described (AOAC) 4 at Indian Institute of Food Processing Technology, Ministry of Food Processing Industries, Government of India, Thanjavur, India. All the analyses were performed in triplicates and the results were averaged.
Standardization of Extruded Product and Pasta
The standardization of extruded product and pasta were carried out at Indian Institute of Food Processing Technology, Ministry of Food Processing Industries, Government of India, Thanjavur, Tamilnadu, India. Food extrusion is still an art though in recent years several researchers have aimed at understanding extrusion phenomenon in the light of the effect of extruder dimensions, the geometry of sewer and die, length to diameter ratio of extrudes and barrel grooves 7 .
The extruded product is very popular across various sections of the people, especially among the school going children and young people. It is a popular snack food or lunch box item. The various types of food products manufactured by extrusion typically have high starch content 8 . Therefore, the extruded product has to be made nutritionally better by enhancing the nutrients. Extruded product was prepared by replacing corn flour with the incorporation of banana peel powder at 5 per cent proportions. The ingredients used in preparation of extruded product are given in The above ingredients were separately weighed and mixed together in a blender for 30 minutes. The dry mixture was passed through a pre-conditioner. The cooking process was started by the injection of steam and the extrudate was then passed through an extruder. The final product usually puffs and changes in texture because of the force reduction and release of moisture and heat. The temperature for the extruder was adjusted to initial temperature of 52.3 0 C and final temperature of 110 0 C. The extrudate was then cut to the desired length by blades at the output of the extruder, which rotate around the die openings at a specific speed. The product was then cooled and dried and finally packed in a zip lock bags.
Pasta Preparation
Soak rice flour, maize flour, wheat flour, banana peel powder, chilli powder and salt together with water and the dough formed was drawn between rolls of a pasta machine. It was then passed for steaming and then, fresh pasta was dried in a tray drier at 50°C for 4 hours. The dried pasta was finally packed in a zip lock bags for further analysis. 
Colour and Texture Profile Analysis of Extruded Product and Pasta
The colour of the extruded product and pasta were determined by the color hunter colorimeter. The colour of the extruded product and pasta were evaluated by measuring the L (100 = white and 0 = black), a {red (+) and green (-)} and b {yellow (+) and blue (-)} value with a standard white tile 9 . The colour and texture profile analysis was replicated for three times. Texture analysis of banana peel incorporated extruded product and pasta were done by Texture Analyzer (Make Stable Micro System, U.K, Model TA -XT2). The colour and texture profile analyses were replicated for three times. Texture analysis of extruded product and pasta was done by two methods such as Texture Analysis (TA) and Texture Profile Analysis (TPA) test. TA test was done for measuring cutting force of extruded product and TPA test for hardness, cohesiveness, gumminess, chewiness, resilience and springiness
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Results and Discussion
The results obtained from the present study are discussed as follows:
Analysis of Proximate Principles of Banana Peel Powder from USA and India
The analysis of proximate principles of banana peel powder was triplicated and the results are depicted in the following Table-III The total phenol, flavonoids, tannin and saponin content of two banana peel extracts is shown in Table: IV. From the results, it is inferred that USA variety extract showed higher phenol and tannin content compared to India variety, which could be due to its antioxidant potential. Wide applications of phenols include as an antioxidant, anti-carcinogenic and also aids in decreasing the complications of cardiovascular diseases. In this study from the Table: IV values, India variety peel extract exhibited higher flavonoids content. The results of anti-nutritional factors indicate the saponin concentration to be 7.75mg for USA variety and 9.65 mg for India variety. The value obtained is slightly high when compared to the study conducted by Kumar et al., 13 , 1991. He found that 3% as the minimum safe value. Dietary saponin has a positive effect by decreasing the serum and tissue cholesterol levels in animals.
The identified compounds with their retention time, molecular weight and molecular formula and peak area percent are given in Table- V and VI respectively. Fourteen compounds were identified from USA variety banana peel extract and 11 compounds from India variety banana peel extract. The maximum peak was shown by Cyclolanostan-3-ol 38, acetate in USA and India variety peel extract. 
Standardization of Extruded Product and Pasta Colour Analysis of Extruded Product
The colour of the banana peel incorporated extruded product was determined by the color hunter colorimeter and the results are shown in the following Tables. 
NS-Not Significant
Colour is one of the most important parameter in evaluating the developed extruded product and pasta.
It not only reflects the suitable ingredients used for the preparation but also provides information about the formulation and quality of the product. Shahzag Hussain et al., 14 , 2006 showed that increased level of addition of flax seed flour resulted in dark brown colour of the cookies. It can be depicted from the above table that mean value for L was found to be 48.56±2.00 for control extruded product, 5 per cent of extruded product had 39.36±0.02. The value for "a" and "b" were found be significant among the control and 5% banana peel incorporated extruded product. 
It can be depicted from the above table that mean value for L was found to be 34.97±0.02 for control product, 5 per cent of pasta had 34.55±0.03. The value for "a" and "b" were found be significant among the control and 5% banana peel incorporated pasta.
Texture Profile Analysis of Extruded Product and Pasta
The Table IX and show the texture profile analysis of extruded product and pasta.
Extrusion technology is the widely used technique for the development of snack foods. Texture plays a vital role, with crispiness being often a desirable parameter. Instrumental analysis has been a useful tool for food industry and manufacturers and it has been related to sensory evaluation. Extruded food products are generally composed of cereals, starches and proteins. These ingredients contribute structure, mouth feel and texture 15 . The physical properties of extruded rice flour and rice grain were determined using the Instron machine and the Warner-Bratzler cutting device 16 . Liu et al., 17 (2000) conducted a TPA of extruded oat-corn puffs and established a high correlation with human sensory perception of specific textural attributes. It was found that there were no significant difference in the texture profile analysis between the control and 5 % incorporated extruded product Banana contains a high proportion of indigestible compounds like resistant starch and non starch polysaccharides. The use of banana peel flour decreased the lightness. The texture analysis like hardness, fracturability, adhesiveness, springiness and chewiness were not affected by the incorporation of 5 % banana peel powder. 
Conclusion
The results from the present research showed that the banana peel powder showed an improved nutritional composition. The proximate principles of USA variety peels estimated were 9.4% 6.7% and 11.5% for protein, fat and fiber The India variety peel indicate the percentage of 11.7, 3.6 and 14.4 for protein, fat and fiber respectively. These peels also had a significant amount of total phenols, flavonoids and tannin. The incorporation of 5% banana peel powder in the production of extruded product and pasta were not significantly affected the color and texture profile analysis. Hence banana peel can be exploited for their nutritional and bioactive components. Therefore these peels could be incorporated into value-added foods and their efficacy can be studied by human supplementation studies.
